This paper reports us the surface temperature distribution effects of free convective flow along a vertical flat plate with temperature dependent thermal conductivity and viscous dissipation with asymptotic solution. The governing equations with associated boundary conditions reduce to local non-similarity boundary layer equations for this phenomenon are converted to dimensionless forms using a suitable transformation. The transformed non-linear equations are then solved using the implicit finite difference method together with Keller-box technique. Numerical results of the velocity and temperature profiles, skin friction and surface temperature profiles for different values of the thermal conductivity variation parameter, the Prandtl number and the viscous dissipation parameters are presented graphically. Also we considered the asymptotic solution for the effect of the thermal conductivity variation parameter, the Prandtl number and the viscous dissipation parameters in skin friction and surface temperature profiles. Detailed discussion is given for the aforementioned parameters. A good similarity is found in small and large value solution with all value solution for the thermal conductivity variation parameter, the Prandtl number and the viscous dissipation parameter for skin friction and surface temperature. Divergence is found near one (1).
Introduction
Electrically conducting fluid flow in presence of the effect of temperature dependent thermal conductivity flow and heat conduction problems are important from the technical point of view and such types of problems have received much attention by many researchers. In electronics in particular and in physics broadly used both the terms. Miyamoto et al. (1980) studied the effect of axial heat conduction in a vertical flat plate on free convection heat transfer. Pozzi and Lupo (1988) investigated the coupling of conduction with laminar convection along a flat plate. Pop et al. (1995) investigated the conjugate mixed convection on a vertical surface in porous medium. Gebhart (1962) investigated the effect of dissipation on natural convection. Takhar and Soundalgekar (1980) studied the dissipation effects on MHD free convection flow past a semi-infinite vertical plate. Khan (2002) The present study is to incorporate the idea of the effects of free convective flow along a vertical flat plate with temperature dependent thermal conductivity and viscous dissipation with asymptotic solution.
Mathematical Formulation of the Problem
We consider a steady two-dimensional laminar natural convection flow of an electrically conducting, viscous and incompressible fluid along a vertical flat plate of length l and thickness b (Figure-1) . It is assumed that the temperature at the outer surface of the plate is maintained at a constant temperature T b , where T b > T  , the ambient temperature of the fluid. In this work y -axis i.e. normal direction to the surface and x -axis is taken along the flat plate. The coordinate system and the configuration are shown in Figure-1 .
Fig. 1. Physical model and coordinate system
The governing equations of such laminar flow with viscous dissipation and also thermal conductivity variation along a vertical flat plate under the Boussinesq approximations
, where   and T  are the density and temperature respectively outside the boundary layer. For the present problem the continuity, momentum and energy equations take the following forms
Here  is coefficient of volume expansion. The temperature dependent thermal conductivity, which is used by Rahman (2008) as follows
Where   is the thermal conductivity of the ambient fluid and  is a constant, defined as
The appropriate boundary condition to be satisfied by the above equations are 0, 0
The non-dimensional governing equations and boundary conditions can be obtained from equations (1) -(3) using the following dimensionless quantities
Where l is the length of the plate, Gr is the Grashof number,  is the dimensionless temperature. Now from equations (1)- (3), we get using the following dimensionless equations
Where
 is the non-dimensional thermal conductivity variation parameter and N = ) ( 
is the conduction parameter. In the present investigation we have considered
To solve the equations (8) and (9) subject to the boundary conditions (10) the following transformations are proposed by Merkin & Pop (1996) ) , 
Here  is the similarity variable and  is the non-dimensional stream function which satisfies the continuity equation and is related to the velocity components in the usual way as
Moreover, h (x,) represents the non-dimensional temperature. The momentum and energy equations are transformed for the new co-ordinate system. At first, the velocity and temperature components are expressed in terms of the new variables for this transformation. Thus the following equations   (13) where prime denotes partial differentiation with respect to . The boundary conditions as mentioned in equation (10) then take the following form
Secondly, from the process of numerical computation, in practical point of view, it is important to calculate the values of the surface shear stress in terms of the skin friction coefficient. This can be written in the non-dimensional form as Molla et al. (1 )
In practical point of view, it is important to calculate the values of the surface temperature. The numerical values of the surface temperature are obtained from the relation. This can written in the non-dimensional form as
We have also discussed the velocity and the temperature profiles for different values of the thermal conductivity variation parameter, Prandtl number and viscous dissipation parameter.
Numerical Method of Solution
In this paper investigates the effect of surface temperature distribution for the temperature dependent thermal conductivity and viscous dissipation on electrically conducting fluid in natural convection flow along a vertical flat plate with asymptotic solution. Along with the boundary conditions (14) , the solution of the parabolic non-linear ordinary differential equations (12) and (13) will be found by using the implicit finite difference method together with Keller-box elimination technique or scheme (1978) which is well documented by Cebeci and Bradshaw (1984) and widely used by Keller and Cebeci and Hossain (1992).
Asymptotic Solution
Now, we have given attention to the behavior of the solution of the equations (12) and (13) (16) and (17) when x is small and large for, Pr and N.
As we see, for small x equations (12) and (13) become:
Boundary conditions: 
Also to find the following for small x equations (16) and (17) become: 2 5 ( ,0)
For large x those equations (12) and (13) become
Boundary conditions:
Also to find the following for large x equations (16) and (17) become: 1 4 ( ,0)
For small x, solving equations (18), (19) and (21) together with the boundary condition (20) and for large x , solving equations (22), (23) and (25) together with the boundary conditions (24) we will discuss the following results.
Results and Discussion
The main objective of the present study is to analyze the effect of the thermal conductivity variation due to temperature on natural convective flow along a vertical flat plate in presence of viscous dissipation and the asymptotic solution. In the simulation the values of the Prandtl number Pr are considered to be 0.73, 1.00, 1.73, 2.97 and 4.24 that corresponds to hydrogen, steam, water, methyl chloride and sulfur dioxide respectively.
The velocity and the temperature profiles obtained from the solutions of equations (12) and (13) are depicted in Figures 2 to 4 . Also the local skin friction and the surface temperature obtained from the solutions of equations (16) figure 10(b) , for small x it can be seen that the surface temperature value of N for all values of x almost same. Similarly for large x it is observed that the values of surface temperature for all values of x almost same. There is a divergence near one (1). Table 1 and Table 2 depict the comparisons of the present numerical results of the skin friction C fx and the surface temperature ) 0 , (x  with those obtained by Pozzi and Lopo (1988) and Merkin and Pop (1996) respectively. Here, the thermal conductivity variation parameter  and viscous dissipation parameter N are ignored (i.e.  = 0 and N = 0) and the Prandtl number Pr = 0.733 with
Comparison of the Results
is chosen. It is clearly seen that there is an excellent agreement among the present results with the solutions Pozzi and Lopo (1988) and Merkin and Pop (1996) . 
